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INTRODUCTIONBreast tomosynthesis as a promising 3D imaging modality has the potential to overome the majorlimitation of onventional mammography [1,2,3℄. The loss of information in 2D projetion imaging anbe reovered in tomosynthesis imaging. Although onsiderable progress has been made in the last severalyears, improvements to several areas of breast tomosynthesis tehnology are still needed before it beomessuitable for routine linial use. The goal of this researh is to obtain systemati understandings of thee�ets of various physial fators that are important in breast tomosynthesis imaging and to developtehniques for e�etively dealing with their e�ets and for reduing radiation dose. During the seondyear of the projet we have onduted fruitful studies based upon the progress made in our �rst year ofthe projet. Spei�ally, we have investigated the performane of the total-variation (TV) based algorithmunder di�erent data onditions and di�erent onstraint parameters. We have also proposed and investigateda new tomosynthesis imaging method with non-planar trajetories for yielding more data information withthe same amount of imaging dose. Furthermore, we have investigated the satter in tomosynthesis breastimaging by onsidering angular dependent satter kernels.
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BODY1 Researh Aomplishments1.1 Investigation of reonstrution algorithms for breast tomosynthesisIn the �rst-year report, we have reported our progress on the performane of the TV-based algorithm whenapplied to tomosynthesis data generated from disrete images. The result in the study provides us the upperbound on the performane of the TV-based algorithm. During the last year, we ontinued to investigatethe performane of the TV-based algorithm for the data ontain data errors suh as ontinuous-to-disreteinonsisteny.The TV-based algorithm that we have investigated seeks to �nd the solution for the optimizationproblem below [4℄:
~f∗

= argmin||~f ||TV , (1)with two onstraints,
|M ~f − ~g| ≤ ǫ and fi ≥ 0,where ~f∗ is the reonstruted image and M is the linear operator representing the one-beam forward pro-jetion in breast tomosynthesis. The inequality used in the �rst onstraint aounts for data inonsisteny,suh as noise, ontinuous-to-disrete inonsisteny, et. The parameter ǫ an be seleted for ontrolling theimpat level of potential data inonsisteny on the image reonstrution. Di�erent onstraint parameter

ǫ yields the image with di�erent image quality. Therefore, seletion of a proper onstraint parameter ǫ isimportant to ahieve a good reonstrution.In the last several months, we have investigated systematially the performane of the TV-based al-gorithm with di�erent onstraint parameter ǫ. Suh investigative studies are illustrated by use of theexample below. In the example study, a 2D phantom, as shown in Fig. 1a, was used to generate analyti-ally projetion data, whih ontain the ontinuous-to-disrete inonsisteny. From the inonsistent dataset, images were reonstruted by use of di�erent seletions of ǫ. In Figs. 1b, , and d, we show threeimages reonstruted by use of the TV-based algorithm with di�erent onstraint parameter ǫ=8.96, 11.0,and 13.1. The root-mean-square errors (RMSEs) between the true image and three reonstruted images,as an index of the image quality, have been alulated. The RMSE for these three image sets are 28.9,31.3, and 33.2, respetively. It an be observed that, the RMSE is inreased as ǫ inreases. In general, fora larger onstraint parameter ǫ, the reonstruted image with a smaller total variation.
a b  dFigure 1: The true image (a) and the images reonstruted with di�erent onstraint parameter ǫ=13.1 (b),

ǫ=11.0 (), and ǫ=8.96 (d). The display gray sale is [0.8, 1.2℄.1.2 Investigation of sanning on�gurations in tomosynthesisIn onventional tomosynthesis, the X-ray soure generally is moved along a urve within a plane, suh asa irular trajetory. Beause of the limitation of the angular overage, it is always hallenging to obtainthe images of high quality from onventional tomosynthesis data. During the last year, we have proposeda new imaging strategy by using non-planar trajetory for inreasing data information in tomosynthesis,whih may result in the improvement of the reonstruted image quality without inreasing the imagingradiation dose [5℄. In the investigation of this new imaging approah to tomosynthesis imaging, we haveonsidered a set of non-planar trajetories distributed over a urved surfae, and we use the TV-based
2
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Figure 2: The true image (top row) and the images reonstruted from projetion data aquired with theplanar trajetory (middle row) and the non-planar trajetory (bottom row). The �rst to third olumnsrepresent the 2D slies at x = 0 m, y = 0 m, and z = 0.5 m, respetively. The display gray sale is [0,2℄. The horizontal and vertial axes have a unit of m.algorithm to reonstrut images from tomosynthesis data aquired data aquired with planar and non-planar trajetories. Below, we summarize the researh result on a soure trajetory that onsists of twoorthogonal urve segments on a portion of a spherial surfae. In partiular, the soure to rotation enteris 7.0 m. A �at-panel detetor is plaed perpendiular to the line onneting the soure and the rotationenter. The soure-to-detetor distane is 10.0 m. A 3D phantom is used to generate one-beam projetiondata. We have also generated analytially the data so that the data ontain the ontinuous-to-disreteinonsisteny. We �rst generated projetion data from the phantom at 30 views uniformly distributed onthe planar irular trajetory desribed above. From the data, we subsequently reonstruted images byusing the TV-based algorithm, and we displayed in the middle row of Fig. 2 the reonstruted imageswithin planes spei�ed by x = 0 m, y = 0 m, and z = 0.5 m.We then onsider a non-planar trajetory that onsists of two orthogonal, irular segments. In thison�guration, the geometri parameters suh as the soure-to-rotation-enter distane and detetor-to-soure distane were hosen to be idential to those in the above study for the planar irular trajetory.Using this non-planar trajetory, we generate analytially projetion data from the same phantom overtotal 30 views of whih 15 views are uniformly distributed on eah of the two orthogonal irular segments.The number of views over one of the two trajetories is only one half of that for the planar trajetory.Therefore, the total imaging radiation doses in the studies involving the planar and non-planar trajetoriesare the same. From the generated data, we reonstruted images by use of the TV-based algorithm. In thebottom row of Fig. 2, we show the reonstruted images within planes spei�ed by x = 0 m, y = 0 m, and
z = 0.5 m, respetively. We also display in Fig. 3 the pro�les in the reonstruted images along the axesspei�ed by x = 0 m and y = 0 m, by y = 0m and z = 0 m, and by x = 0m and z = 0m, respetively.Comparison of the results in Figs. 2 and 3 suggests that with the same number of views (or, equivalently,the same amount of imaging dose), data aquired with our proposed non-planar trajetory tomosynthesismay ontain more information than that aquired with the onventional tomosynthesis, leading to imageswith improved quality.1.3 Investigation of the satter in tomosynthesis imagingIn realisti tomosynthesis imaging, a number of physial fators an signi�antly a�et image quality,thereby resulting in poor detetion of mass and miroali�ation in breast. In this projet, we have
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a b Figure 3: The pro�les of the reonstruted images obtained from projetion data aquired with the planartrajetory (dashed urve) and the non-planar trajetory (solid urve) along the z-axis at x = 0 m and
y = 0 m (a), the x-axis at y = 0m and z = 0 m (b), and y-axis at x = 0 m and z = 0 m, respetively.The dotted urve indiates the true pro�les along these lines.onduted investigation of the impat of the major physial fators, inluding data noise, non-isotropiimage spatial resolution, satter, beam-hardening, and detetor responses. Based upon our initial studiesof last year, we have foused on further investigating the e�ets of data noise, and non-uniform imageresolution and on the e�et of satter on image quality. We summarize brie�y our satter investigationbelow. The e�et of X-ray satter poses a hallenging problem in breast tomosynthesis imaging beausethe preise funtional form of the distribution of the sattered radiations depends on the subjet beingsanned [6℄. Taking advantage of the fat that the sattered X-ray intensity does not display signi�anthigh-resolution strutures, we used a onvolution method in our study of satter e�et. Spei�ally, we haveemployed an existing satter kernel in literature to generate satter omponents in tomosynthesis projetiondata [7℄. We have generated and evaluated satter omponents for projetion angles: 0◦, 6◦, 12◦, 18◦, 24◦,and 30◦, whih are typial angles in breast tomosynthesis. Based upon the onvolution kernel and satteromponents, we determined the satter kernel for any projetion angle by use of interpolation/extrapolationmethods. One we obtain these kernels for any angles, we then generated the satter omponents forany projetion view by onvolving the satter-less projetion data with the satter kernel. This tool forgenerating satter omponents in breast tomosynthesis allows us to ondut qualitatively the e�et ofsatter on image reonstrution in the next few months.
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KEY RESEARCH ACCOMPLISHMENTS
• We have generated analytially the data ontaining the ontinuous-to-disrete inonsisteny.
• We have onduted a preliminary investigation of the performane of the TV-based algorithm withdi�erent onstraint parameter ǫ for the data ontaining ontinuous-to-disrete inonsisteny.
• We have implemented the modi�ation to the TV-based algorithm to inorporate the non-planartrajetory.
• We have onduted preliminary investigations of the sanning on�gurations in tomosynthesis breastimaging for improving image quality.
• We have performed a preliminary study on the e�et of the non-isotropi spatial resolution.
• We have generated the satter omponent for any projetion view in breast tomosynthesis breastimaging by onvolving the satter-free projetion data with the satter kernel.
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REPORTABLE OUTCOMESConferene Artiles1. D. Xia, J. Bian, E. Sidky, and X. Pan: Image representation with non-isotropi spatial resolutionon iterative reonstrution auray in breast tomosynthesis, RSNA sienti� assembly and annualmeeting program, SSC13-01, 2007.2. D. Xia, J. Bian, E. Y. Sidky, C. A. Pelizzari, and X. Pan: Tomosynthesis with Soure PositionsDistributed over a Surfae, Pro. SPIE, Vol. 6913, pp. 69132A, 2008.
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CONCLUSIONSDuring the period from 15 Marh 2007 through 14 Marh 2008, we have investigated and evaluated theperformane of the TV-based algorithm for image reonstrution for the tomosynthesis data ontaininginonsisteny. The numerial studies are onduted to investigate the image reonstrution by use of theTV-based algorithm with di�erent onstraint parameter ǫ. The relationship between the image quality, interms of the metris suh as root-mean-square error, and the onstraint parameter ǫ has been established.Furthermore, a new imaging strategy by using non-planar trajetory has been proposed and evaluated forinreasing data information in tomosynthesis. Our results suggest that with the same number of views (or,equivalently, the same amount of imaging dose), data aquired with the proposed non-planar trajetorytomosynthesis may ontain more information than that aquired with the onventional tomosynthesis,leading to images with improved quality. We have begun to investigate the e�et of satter on imagequality. A onvolution method had been used in our study to estimate the satter in breast tomosynthesis.Overall, we have ahieved the goals for the seond year and laid the foundation for the researh in thenext year. For the third year of this grant our e�orts will fous on the evaluation studies of reonstrutionalgorithms about more physial fators suh as non-linear partial volume, beam-hardening, and satter.Moreover, we will also perform tomosynthesis experiments to ollet real data of physial breast phantomsfor additional evaluation of the sanning on�gurations and reonstrution algorithms. Finally, we plan toselet real-patient data for testing and assessing the reonstrution algorithm.
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Image representation with non-isotropic spatial resolution on 
iterative reconstruction accuracy in breast tomosynthesis

Dan Xia, Emil Sidky, Junguo Bian, Ingrid Reiser, Robert Nishikawa, Xiaochuan Pan

 Department of Radiology, The University of Chicago
5841 S Maryland Avenue, Chicago, IL 60637

Clinical Relevance/Application:
Breast tomosynthesis has received renewed interest because it can provide 3D 
information about the breast. This work concerns iterative reconstruction of accurate 
breast tomosynthesis images. 

Purpose:  
In current breast tomosynthesis, image representation with non-isotropic spatial 
resolution is used for reducing computational time. This can, however, lead to artifacts in 
iterative reconstruction of breast tomosynthesis images. In the work, we investigate the 
effect of non-isotropic image representation on the reconstruction accuracy. Based upon 
the investigation, we devise schemes for reducing artifacts in iterative reconstruction.

Materials and Method: 
In the work, we focus on investigating the effect of non-isotropic image representation on 
reconstruction accuracy of iterative algorithms. The iterative algorithms under study 
include the total-variation (TV) based, expectation maximization (EM), and algebraic 
reconstruction technique (ART) algorithms. Tomosynthesis data are generated at 12 and 
20 views over 50 degrees from phantoms, including a breast phantom. We have 
reconstructed images by using image representations with different degrees of non-
isotropic spatial resolution. Specifically, in each image representation, the ratio between 
the in-plane and longitudinal resolution for an image voxel is selected to be a value less 
than 1.  

Results: 
We have reconstructed images by use of TV-based, EM, and ART algorithms for image 
representations with different ratios of in-plane and longitudinal resolution. Our results 
demonstrate that non-isotropic image representation can lead to significant artifacts in 
reconstructed images. The appearance and severity of the artifacts depend not only upon 
the ratio between the in-plane and longitudinal resolution but also upon the iterative 
algorithms. The TV-based algorithm seems to be less susceptible to the effect than the 
EM and ART algorithms. Through the selection of algorithm parameters, the artifacts can 
be reduced.

Conclusion: 
The non-isotropic image representation can significantly affect reconstruction accuracy 
obtained with iterative algorithms in breast tomosynthesis. 



Tomosynthesis with Soure Positions Distributed over a SurfaeDan Xia1, Seungryong Cho1, Junguo Bian1, Emil Y. Sidky1, Charles A. Pelizzari2,and Xiaohuan Pan1

1Department of Radiology, The University of Chiago
2Department of Radiation and Cellular Onology, The University of ChiagoFebruary 29, 2008AbstratIn lassial tomosynthesis, the X-ray soure generally is moved along a urve segment, suh as airular trajetory, within a plane that is perpendiular to the detetor plane. Studies suggest that,when the angular overage and number of projetion views are limited, it an be di�ult to reon-strut aurate images within planes perpendiular to the detetor plane in lassial tomosynthesis. Inthis work, we investigate imaging strategies in tomosynthesis using trajetories that are not on�nedwithin a plane perpendiular to the detetor plane. We expet that suh trajetories an inreasedata information and thus lead reonstruted images with improved quality. Numerial studies wereonduted for evaluating the image-reonstrution quality in lassial tomosynthesis and tomosynthesiswith trajetories that are not on�ned within a plane perpendiular to the detetor plane. The resultsof the studies indiate that, with the same number of views, (or, equivalently, the same amount ofimaging radiation), data aquired in tomosynthesis with the trajetories that are not on�ned within aplane perpendiular to the detetor plane generally ontain more information than that aquired withlassial tomosynthesis and an thus yield images with improved quality.1 IntrodutionIn the past deade or so, there have been renewed interests in the development of tomosynthesis for appli-ations to breast imaging, image-guided radiation therapy, and seurity sans [1, 2℄. In these studies, theX-ray soure often is moved along a urve segment within a plane that is perpendiular to the detetorplane. For onveniene, we refer to suh a soure trajetory as a planar trajetory. In some pratialappliations of tomosynthesis, however, the soure trajetory need not be restrited to be within a planartrajetory, and it an be a trajetory in 3D spae. For example, the X-ray soure may move over a sur-fae suh as a portion of the sphere in some appliations. In these ases, we refer to the trajetories asnon-planar trajetories. We hypothesize that tomosynthesis with ertain non-planar trajetories an yieldimages with improved quality over that obtained with a planar trajetory. In this work, we ondut a pre-liminary investigation of image reonstrution in lassial tomosynthesis that uses a planar trajetory andtomosynthesis that uses a non-planar trajetory. We will apply the TV-minimization iterative algorithmfor image reonstrution from data aquired in the two tomosynthesis on�gurations [3, 4℄.2 Sanning on�gurations for tomosynthesisIn lassial tomosynthesis, the x-ray soure is moved along a urve segment. When the urve segment is aportion of a irular trajetory, it an be expressed mathematially as

~r0(λ) = (R sinλ, 0, R osλ) λ ∈ [λs, λe], (1)where λ denotes the rotation angle, R is the distane from the soure point to the rotation enter, andparameters λs and λe denote the starting and ending angles of the rotation. For eah rotation angle λ,a 2D detetor is used to measure the projetion data, whih is the path integral of the x-ray attenuation



oe�ient along the rays onneting the soure spot and an individual detetor bin. In terms of disretedetetor array and image array, the data model an be written as the weighted sum over the pixels traversedby the soure-bin ray, i.e.,
~g = M ~f, (2)where ~f and ~g are two �nite vetors, representing the image funtion and projetion data. The dimensionsof ~f and ~g are Nimage and Ndata, whih denote the elements of disrete image and data arrays. The systemmatrix M thus omposes Ndata row vetors ~Mi of dimension of Nimage, yielding gi = ~Mi · ~f . Eah element

Mij of the system matrix is the length of the ith ray traversing the jth pixel. The proess of imagereonstrution is to obtain an image represented by the �nite vetor ~f from knowledge of the data vetor
~g and the system matrix M .In lassial tomosynthesis for breast imaging, projetion data are measured at about 20 projetion viewsuniformly distributed over an angular range of about 30

o. One may improve the image quality of lassialtomosynthesis by inreasing the number of projetions and/or the sanning angular range. However, thisapproah results in inreased imaging radiation dose to the subjet. On the other hand, it may be possibleto design innovative sanning on�gurations for aquiring more information than that olleted with aplanar trajetory in Fig. 1a in lassial tomosynthesis, yet without inreasing the imaging radiation dose.In this work, we investigate a non-planar imaging on�gurations in tomosynthesis for aquiring inreaseddata information and thus for ahieving improved image quality. In ontrast to the planar trajetory inlassial tomosynthesis, we study in this work a non-planar trajetory that is on a urved surfae. Inpartiular, we onsider a soure trajetory that onsists of two orthogonal urve segments on a portion of aspherial surfae, as shown in Fig. 1b. The two urve segments of the non-planar trajetory are expressedas
~r0(λ) = (R sinλ, 0, R osλ) λ ∈ [λs, λ1], (3)
~r0(λ) = (0, R sin(λ), R os(λ)) λ ∈ [λ2, λe]. (4)It an be observed that the two irular segments are hosen to be within x-z and y-z planes. Both ofthem are on a spherial surfae of radius R. Clearly, they are not within a single plane. In this work,we will investigate and ompare images reonstruted by use of the TV-minimization algorithm from dataaquired with the planar trajetory in lassial tomosynthesis and from data obtained with the non-planartrajetory.3 Reonstrution algorithmWe brie�y review the TV-minimization algorithm [3℄ that is used to reonstrut images from tomosynthesisdata in this work. In many imaging appliations, it is not unommon that images to be reonstruted arerelatively onstant over extended volumes, and that signi�ant, rapid variation in the image may ouronly at boundaries of internal strutures. In these situations, the image formed by taking the magnitude ofits gradient ould be approximately sparse. Therefore, the reonstrution strategy onsidered in the TV-minimization algorithm is to inorporate the assumption of gradient image sparseness on the image funtion

~f to arrive at a solution from knowledge of the data ~g. Based upon this strategy, the TV-minimizationalgorithm seeks to �nd the solution for the optimization problem below:
~f∗

= argmin||~f ||TV , (5)with two onstraints,
|M ~f − ~g| ≤ ǫ and fi ≥ 0,where ~f∗ is the reonstruted image. The inequality used in the �rst onstraint aounts for data inonsis-teny, suh as noise, ontinuous-to-disrete inonsisteny. The parameter ǫ an be seleted for ontrollingthe impat level of potential data inonsisteny on the image reonstrution. In our investigation of 3Dtomosynthesis reonstrution, the TV of a disrete image is de�ned as

||f ||TV =

∑

s,t,r

|~∇fs,t,r| =

∑

s,t,r

√

(fs,t,r − fs−1,t,r)
2 + (fs,t,r − fs,t−1,r)

2 + (fs,t,r − fs,t,r−1)
2, (6)
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a bFigure 1: (a) Sanning on�guration with a planar trajetory within x-z plane in lassial tomosynthesis.(b) Sanning on�guration with a non-planar trajetory that onsists of two orthogonal, irular segmentswithin x-z and y-z planes, respetively (right).where s, t, and r indiate the pixel indies within the 3D image.The implementation of the TV-minimization algorithm inludes two major steps: gradient desentmethod and projetion on onvex sets (POCS) (see e.g. Se. 15.4.5 of Ref. [5℄). The gradient desentmethod is used for minimizing the image total variation, whereas the POCS is used for enforing theonstraints imposed by the known projetion data. The reason the POCS is used here is that, even in thease of sparse sampling, the size of the projetion data sets an be large, and POCS an e�iently handlelarge data sets.4 ResultsWe have onduted numerial studies to investigate image reonstrutions by using the TV-minimizationalgorithm from tomosynthesis data aquired with planar and non-planar trajetories shown in Fig. 1. Weuse ~r0(λ) to denote a soure trajetory. In our study, we �rst onsider lassial tomosynthesis in whihthe soure trajetory is a segment of the planar irular trajetory, as shown in Fig. 1a. In the study,we have hosen R = 7.0 m, and λ ∈ [−π/6, π/6]. A �at-panel detetor is plaed perpendiular to theline onneting the soure and the rotation enter. The soure-to-detetor distane is 10.0 m. A 3Dphantom is used to generate one-beam projetion data. It should be pointed out that we have generatedanalytially the data so that the data ontain the so-alled ontinuous-to-disrete inonsisteny to re�etrealisti imaging onditions in pratial tomosynthesis. Suh inonsisteny may have a signi�ant impaton reonstrution auray. In top row of Fig. 2, we display the phantom images within planes spei�edby x = 0 m, y = 0 m, and z = 0.5 m, respetively. We �rst generated projetion data from thephantom at 30 views uniformly distributed on the planar irular trajetory desribed above. From thedata, we subsequently reonstruted images by using the TV-minimization algorithm, and we displayed inthe middle row of Fig. 2 the reonstruted images within planes spei�ed by x = 0 m, y = 0 m, and
z = 0.5 m.We also onsider a non-planar trajetory that onsists of two orthogonal, irular segments, as shownin Fig. 1b. In this study, geometri parameters suh as R and detetor-to-soure distane were hosen tobe idential to those in the above study for the planar irular trajetory. However, the angular rangesof the two orthogonal irular segments are spei�ed by λ ∈ [−π/6, π/6] and λ ∈ [π/6, π/2], respetively.Using this non-planar trajetory, we generate analytially projetion data from the same phantom overtotal 30 views of whih 15 views are uniformly distributed on eah of the two orthogonal irular segments.



The number of views over one of the two trajetories is only one half of that for the planar trajetory.Therefore, the total imaging radiation doses in the studies involving the planar and non-planar trajetoriesare the same. From the generated data, we reonstruted images by use of the TV-minimization algorithm.In the bottom row of Fig. 2, we show the reonstruted images within planes spei�ed by x = 0 m, y = 0m, and z = 0.5 m, respetively. We also display in Fig. 3 the pro�les in the reonstruted imagesalong the axes spei�ed by x = 0 m and y = 0 m, by y = 0m and z = 0 m, and by x = 0m and
z = 0m, respetively. Comparison of the results in Figs. 2 and 3 suggests that tomosynthesis with anon-planar trajetory may yield more data information, and thus images with higher quality, than lassialtomosynthesis with a planar trajetory.5 ConlusionIn the work, we have investigated non-planar trajetories in tomosynthesis for yielding more data infor-mation than lassial tomosynthesis with a planar trajetory. Our preliminary study indiates that withthe same number of projetion views (or, equivalently, the same dose level,) the new imaging on�gurationmay lead to images with improved quality over that obtained with lassial tomosynthesis. The proposedimaging strategy and TV-minimization reonstrution algorithm may �nd appliations in IGRT, seuritysan, industrial imaging, and sample/speimen evaluation.Referenes[1℄ Senhu Li and Huabei Jiang, �A pratial method for three-dimensional reonstrution of joints using aC-arm system and shift-and-add algorithm,� Med. Phys., vol. 32, pp. 1491�1499, 2005.[2℄ G. Bahar, J. H. Siewerdsen, M. J. Daly, D. A. Ja�ray, and J. C. Irish, �Image quality and loalizationauray in C-arm tomosynthesis-guided head and nek surgery,� Med. Phys., vol. 34, pp. 4664�4677,2007.[3℄ E. Sidky, C.-M. Kao, and X. Pan, �Aurate image reonstrution from few-views and limited-angledata in divergent-beam CT,� J. X-Ray Si. and Teh., vol. 14, pp. 119�139, 2006.[4℄ T. Wu, R. H. Moore, E. A. Ra�erty, and D. B. Kopans, �A omparison of reonstrution algorithmsfor breast tomosynthesis,� Med. Phys., vol. 31, pp. 2636�2647, 2004.[5℄ H. H. Barrett and K. J. Myers, Foundations of Image Siene, John Wiley & Sons, In., Hoboken,New Jersey, 2004.



10−1

0

1

10−1

0

1

10−1

0

1

10−1

0

1

10−1

0

1

10−1

0

1

−1 0

0

1

1 10−1

0

1

10−1

0

1

Figure 2: True image (top row) and images reonstruted from 30-view projetion data aquired withthe planar trajetory (middle row) and the non-planar trajetory (bottom row). The �rst, seond, andthird olumns represent the images within 2D slies spei�ed by x = 0 m, y = 0 m, and z = 0.5 m,respetively. The display gray sale is [0, 2℄. The horizontal and vertial axes have a unit of m.
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Figure 3: Pro�les of the images reonstruted from 30-view projetion data aquired with the planartrajetory (dashed urve) and the non-planar trajetory (solid urve) along (a) the z-axis, (b) the x-axis,and () y-axis, respetively. The dotted urve indiates the true pro�les along these lines.
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